Molecular dynamics simulations of a 2.2 molal NaCI solution at room temperature and pressure of 1 bar and 10 kbar have been performed employing a modified version of the central-force model of water. The changes in the structural and dynamical properties of the solution resulting from the increase in pressure are reported. The effect of ions on the self-diffusion coefficients of hydration and bulk water and on the IR spectroscopical properties of the solution is also discussed and compared with the available experimental data.
I. Introduction
The study of the effect of pressure on the properties of aqueous electrolyte solutions has not only practical importance but can contribute significantly to our basic understanding of the interactions between ions and their hydration spheres. Molecular Dynamics (MD) investigations of solutions under high pressure allow to observe the effect of density on the motions and interactions of the various molecular species in the solution. The experimental results of high pressure studies of aqueous solutions have extensively been reviewed in recent years [1-3, 3 a] .
The results of MD simulations of pure water at high pressure with different water models [4] [5] [6] agree reasonably with the experimental data and have given substantial information about the structural changes in liquid water resulting from density increase. Thus, and on the basis of the considerable success of the MD simulations of aqueous electrolyte solutions (see e.g. [7] ), one can expect that this method can also be successfully applied to describe and predict the effect of increasing pressure (density) on the different properties of aqueous solutions. The only MD simulations in this direction have been performed on a 0.55 molal aqueous Lil solution with the ST2 model potential for water, at 508 and 308 K under isochoric conditions [8] ,
In order to study the influence of pressure increase on the structural and dynamical properties of a 2.2 molal aqueous NaCI solution at constant temperature we decided to use the revised central-force potential [9] for water. This potential was found to give a realistic estimate of the shifts of the intramolecular vibrations of the water molecule on condensation and has been also employed in the MD simulations of compressed liquid water [6] , of a 1.1 molal CaCl 2 solution [10] , and of a 13.9 molal LiCl solution [11] . Previous MD simulations of NaCI solutions from this laboratory [12, 13] used the ST2 potential [14] and the latest version of the central-force model developed by Stillinger and Rahman [15] . The structure functions calculated from these MD simulations were in reasonable agreement with each other and with that derived from an X-ray investigation [16] . However, because of the deficiencies in this central-force potential (discussed elsewhere [17] ) the predicted internal vibrational frequencies of the water molecules in the hydration spheres and in the bulk water were in error, and in addition the length of the MD simulation of 1.4 ps [13] did not permit the evaluation of dynamical properties (e.g. self-diffusion coefficients).
In the present paper the results of MD simulations of a 2.2 molal NaCI solution at densities corresponding to pressures of about 1 bar and 10 kbar at room temperature are reported. Although a com-0340-4811 / 85 / 1200-1235 $ 01.30/0. -Please order a reprint rather than making your own copy.
parison with the results of other MD simulations at normal pressure and with experimental data will also be made, the main emphasis will be placed on the description and discussion of the changes in the various properties of the NaCl solution due to the increase in pressure. The effect of pressure on the hydration shells of the sodium and chloride ions as obtained from the present MD simulations has been reported elsewhere [18] . First we describe the MD simulations in some detail, then the structural results, and finally the dynamical properties will be discussed.
II. Details of the Simulations
The periodic cube in the simulations contained 200 water molecules, 8 cations and 8 anions. The densities of the solutions at 298 K under 1 bar and 10 kbar are 1.0792 [19] A modified version of the central-force model of water [6. 9] was used; the ion-water and ion-ion potentials were taken from a previous simulation of 2.2 molal NaCl [13] with the exception of the CPwater potential. For the latter the potential derived in [21] was employed. The potentials are given in Table 1 . For the Coulomb interactions the Ewald summation [22] was used. For the non-coulombic interactions the cut-off distances in units of the periodic length were 0.45. 0.22 and 0.16 for FQOO'F The starting configuration for the simulations was derived from a previous simulation of an NaCl solution [13] . After a few thousand time steps of equilibration, the simulation comprised 20000 time steps, which is equivalent to a total elapsed time of 5 ps. The total energy showed a small downward trend amounting to about 0.1% over each of the two simulations. The velocities were not rescaled in order to be able to obtain reliable velocity autocorrelation functions. The average temperatures of the simulations were 299 and 303 K for the normal pressure and high pressure runs, respectively. Other technical details of the simulations can be found in [10. 13,21] ,
III. Results and Discussion

a) Radial Distribution Functions
The ion-oxygen and ion-hydrogen radial distribution functions (RDF), g xy (/-), together with their running integration numbers as defined by r n xv (r) = 4 7r go J r' 2 g xy (r') dr', o where Qo is the number density, are shown in Fig. 1 for the normal pressure (NP) and high pressure (HP) simulations. In the following we will mainly examine the changes in the various RDFs brought about by the pressure increase. The characteristic values of the RDFs are listed in Table 2 .
The coordination number of the sodium ion (»Nao) ~ th e value of n Na0 (/') at the first minimum of the RDF -is 5.8 and 6.3 for the NP and HP solution, respectively. This increase by about 8% is relatively small compared to the 21% increase in the density of the solutions. If one considers the height of the first peak in g^ao as a measure of the degree of structure around this ion one can conclude that the pressure increase produces a slight decrease in the hydration shell structure. The compression of the solution leads to a broadening of the first peak in gNaH ('") with a 15% increase in «NaH^miF This increase, compared to the 8% increase in n Na0 (/' m i), shows a penetration of hydrogens belonging to water molecules of the second hydration shell into the region of the first peak in gN 3 The position of the peak maximum in the chloride-oxygen RDF (3.18 A) is the same as those found in the MD simulations of 1.1 molal MgCl 2 [21] and CaCl 2 [10] , whereas in the previous simulation of 2.2 molal NaCI a value of 3.3 A was obtained [13] . This difference is due to the improved chloride-water potential [21] employed in the present simulation and those of the MgCl 2 and CaCl 2 solutions. Neutron diffraction studies of various aqueous solutions show the anionic hydration to be independent of the counterion and yielded a value of 3.20 ± 0.05 A for the CP-0 distance in 5.32 molal NaCI [23] , The lack of the counterion effect on the Cl"-hydration. at least as far as the position of the peak maximum in gcio('') is concerned, is confirmed by the MD simulations using the central-force potential.
The height of the first peak in gc\o( r ) decreases with increasing pressure similarly to <7N a o(>')' but contrary to gNaoO"), in the HP solution the second peak in gcio(>") disappears and the coordination number -taken at the same CP-O-distance (r = 3.87A) -increases by 2 while the increase amounts to only 0.5 for Na + . This indicates that the hydration shell of Cl" is softer than that of Na + and thus water molecules can more easily be transferred into the first hydration shell by increasing pressure.
and gc\o(>') (see Table 2 ) it follows that linear hydrogen bonds are preferentially formed with the chloride ions. The increase in the number
Oxygen-oxygen, oxygen-hydrogen and hydrogenhydrogen radial distribution functions and running integration numbers for HP (dashed line) and NP (solid line) 2.2 molal NaCI. For characteristic values cf. Table 2 . Fig. 3 . X-ray structure functions for 2.2 molal NaCI from MD simulations at NP (this work) ( ), with the ST2 model for water [12] ( ), the CF model for water [13] ( ), and from an X-ray measurement [16] ( ). The insertion shows the structure functions at NP ( ) and HP ( ).
of nearest neighbor hydrogens with pressure is found to be 0.5, just as in the sodium-oxygen case. The changes observed in the Cl"-0 and Cl"-H RDFs together with those found in the cos 0 distributions (vide infra) suggest that the hydration shell structure of Cl" in the HP solution is less developed than in the NP solution.
In Fig. 2 , goo(r), gou(r) and # H h('0 and the corresponding n(r) are displayed. Some of the characteristic values of these functions are given in Table 2 . From a comparison with the corresponding 9oo(>') for pure water ( Fig. 3 in [6] ) one observes that already in the NP solution the first minimum in goo( r ) is much less pronounced than in pure water. This trend is continued in the HP case. The First peak is wider and the coordination is increased from 4.5 at NP to 6.3 at HP (the integration being carried out to the same distance of 3.38 A). The changes in goo('') as well as in gOH('') and gHH (>") with pressure are similar to those observed in the MD simulation of pure water [6] , however their magnitude is smaller here presumably due to the lower pressure applied (10 kbar instead of 22 kbar). It seems reasonable to conclude that, unlike the first hydration shells of the sodium and chloride ions, the structure of the total solvent water undergoes a significant distortion with increasing pressure.
In Fig. 3 the total X-ray structure function derived from the partial RDFs of the NP solution is compared with those obtained from the MD simulations with the SF2 potential [12] , with the centralforce potential of Rahman and Stillinger [13] , and from experimental X-ray investigations [16] . Both the previous and the present MD simulation with the central-force potential reproduces excellently the experimentally observed characteristic double peak in kH(k) while the MD simulation with the ST2 potential results in a single peak in this region. On the other hand the results of the ST2 simulation are much more consistent with experiment beyond about 5 A -1 than those of the simulations employing the central-force potentials. The humps at around 5.4 and 8.3 A -1 observed in the previous MD simulation [13] have disappeared, which may be ascribed to the modified chloride-water potential. The effect of pressure on the total structure function is shown in the insertion of Fig. 3 : The splitting of the main peak disappears and only a single peak is observed at high pressure. No X-ray diffraction study is available for comparison, nevertheless the effect is similar to what is found in pure water [6] ,
b) Geometry of the Water Molecules
The water model used here allows for internal vibrational motions and can be used with some confidence in predicting the effect of ions and pressure on the average internal geometry.
In the present analysis the water molecules were considered hydration water of Na + and Cl" for both NP and HP if their sodium-oxygen and chloridehydrogen distances were less than 3.10 and 2.86 A, respectively (approximate positions of the first minima in the ^NaoO') and g C \w ('"))• The water molecules not belonging to a hydration shell are termed bulk water. The average values of the intramolecular O-H distances (/'OH) and HOH angles (^HOH) for the different kinds of water are reported in Table 3 . For water molecules in the hydration shell of Cl~ two values are given, one of them corresponding to the O-H distance involved in hydrogen bonds to the anion and the other one to the second O-H distance. A comparison of the values for hydration water and bulk water in the NP solution shows, in agreement with the results of previous MD simulations [6. 13, 21] , that the presence of ions results in an increase in /oh and in a decrease in a H oH-As could be expected, the chloride ion has a stronger influence on the OH bond directed towards it. The compression of the solution results in an increase by about 6-10~4A in the average intramolecular O-H distance (only 2-10~4A in the case of the OH bond directed towards the chloride ion) for both the hydration and the bulk water molecules, which is about half of that observed in the MD simulations of pure water (12 • 10~4 A) [6] . Thus in the solution all OH bonds that are not involved in O-H ••• ion bridges react on pressure in the same way.
It is evident from Table 3 that both the addition of ions to pure water and the increase of the density of the solution by pressure produce a decrease in the average HOH angle, and this together with the changes in the OH bond lengths leads to the increased values of the average dipole moments of water molecules which are also given in Table 3 . The water molecule geometry in the improved CF model [9] is taken from [24] .
c) Orientation of the Water Molecules in the Hydration Shells
The orientation of the water molecules in the hydration shell of an ion can be characterized by the cosine of the angle between the dipole moment direction of the water molecule and the vector pointing from the oxygen atom towards the center of the ion. In Fig. 4 , NP and HP distributions of cos (0) [13] , and that the increase in pressure decreases the orientation of the water molecules in the hydration shell of Na + . Simulations with the ST2 water model yielded a preferred orientation of a lone pair orbital of the water molecule towards the Na + [12] .
The cos O distribution for the water molecules in the hydration shell of CP in the NP solution demonstrates that predominantly linear hydrogen bonds are formed with the anion, in good accord with the conclusion drawn from the observation of £/CIH0') and gcio('') and with what is observed experimentally [23] . On pressure increase the value of cos O changes from 0.595 to 0.498 (i.e. 0 from 53.5° to 60.1 °) and the distribution flattens with an extended tail at negative values. This indicates a decrease in the prevalence of forming hydrogen bonds with the chloride ion.
The decrease in the orientation of the water molecules in the first hydration shells of both ions with increasing pressure can also be seen in Fig. 5 , which shows the average values of cos 0 as functions of the ion-oxygen distance. While only very small differences are found for Na + , the effect of pressure is quite pronounced for the hydration shell of CP, where the positions of the extrema of (cos0> shift considerably towards smaller ionoxygen distances. The qualitative differences in the NP and HP (cos 6>)-curve for CP above 3.9 A correlate with those of the £/cio('')-curve s. For the sake of completeness we should note that the symmetry properties of the hydration spheres are relatively insensitive to the increases in pressure while for the solvent water the changes observed are similar to those found in pure water (for a detailed discussion see [18] ).
It is instructive to consider the influence of pressure on the probability of finding a given number of octahedral, hexahedral and tetrahedral directions around Na + , CP and H 2 0, respectively, simultaneously occupied by first shell water molecules. Cones centered at the directions of interest are defined in the usual way [6, 25] , here with an aperture of 40°, and the configurations are analyzed for simultaneous occupation of the so defined cones by neighboring oxygen atoms. The resulting histograms are displayed in Figure 6 . In the case of Na + the probabilities of finding less than six water molecules in the octahedral directions are higher at HP than at NP. The significant decrease in the probability that all the octahedral sites are simultaneously occupied by water molecules may be the consequence of the appearance of a seventh nearest neighor in the hydration sheath of Na + in the HP solution. In the case of chloride ions, the rather random distribution of the water molecules in the hydration shell does not change with pressure beyond statistical uncertainties. For the solvent water the changes in the probabilities due to the increase in pressure are smaller than those observed previously for pure water [6] , in keeping with the smaller density increase here. We have also calculated the corresponding probability distributions for the bulk water. At normal pressure no difference within the error limits has been found between bulk and pure water. This suggests that the changes observed in P(n) for solvent water with rising pressure results predominantly from the increase in density and that the effect of the presence of ions can be considered as negligible at this concentration.
d) Self-Diffusion Coefficients
The self-diffusion coefficients D have been determined from the velocity autocorrelation functions by means of the Green-Kubo relation 
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where N denotes the number of particles, N T the number of time averages and V/(t) the velocity of particle / at time t. The correlations have been followed for 0.7 ps, allowing for a sufficient number of time origins t, in the averaging process.
The normalized velocity autocorrelation functions </'(0) v (/)>/<*' (0) 2 > for the ions and oxygens of the NP and HP solutions are shown in Figure 7 . As 2 n Fig. 6 . The probabilities that a given number n of hydration shell water molecules occupy simultaneously octahedral (Na + ), hexahedral (CF) or tetrahedral (water) directions around a central particle at normal pressure (solid) and high pressure (dashed).
was already observed previously [6] , the first decay of the correlations is enhanced by the density increase. The effect on the oxygen and Cl" correlation functions is of similar magnitude while only very small changes are observed in the first decay of the Na + correlation. In contrast to this finding, this function displays more structure in the range 0.2-0.4 ps in the HP case than in the NP case.
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In Table 4 the self-diffusion coefficients calculated from the MD simulations are compiled together with the available experimental data, the selfdiffusion coefficient of the solvent water has been corrected for the different temperatures of the NPand HP-MD simulations by using the temperature dependence of D of pure water [26] . The comparison of the self-diffusion coefficients obtained from the MD simulations with the experimental results shows that the simulation leads to smaller values in all cases. Considering the uncertainties in the experimental results for Z) Na + and Z) C i-as indicated by the values reported from different laboratories, the differences between simulation and experiments seem to be small enough to justify the conclusion that the changes in the self-diffusion coefficients for water and the ions with increasing pressure as calculated from the simulations are reliable -at least qualitatively. Table 4 shows that the 21% density increase is accompanied by about a 20% decrease in the self-diffusion coefficient of solvent water Z) w . In pure water at 77 °C a 38% density increase yielded an about 35% decrease in the self-diffusion coefficient [6] , which suggests that at high pressures the increased steric hindrances between the molecules plays an important role in controlling the diffusional motion of water molecules both in the pure water and in the solution. In the NP solution Z) Na * is found to be significantly smaller than D C \~, in good agreement with the experimental results [28, 29] . This can be rationalized as in case of the Lil solution [30] by assuming that the Na + is moving through the solution with its hydration shell attached while the CP diffuses essentially without its hydration shell. It is also remarkable that Z) Na -decreases while Dc\-increases with increasing pressure. It is interesting to note that in a recent study of the effect of pressure on the conductance of KCl in heavy water Nakahara et al. [31] found that the residual friction coefficient for K + slightly increases with pressure while that for CP decreases.
The self-diffusion coefficients of the water molecules in the three water subsystems -bulk water, hydration water of Na + and of CP -have been obtained separately from the velocity autocorrelation functions of the oxygen atoms, which are displayed in Figure 8 . It is seen that the effect of the density increase is similar for the three subsystems; essentially a faster decorrelation at short times. The values of the self-diffusion coefficients are listed in Table 5 . The values at normal pressure are corrected with the experimentally found temperature dependence for the temperature difference between the two MD simulation runs. The NP results in the solution show that the diffusional motion of the water molecules is reduced in the hydration shells of both ions relative to the bulk water, which is not expected in the case of chloride ion on the basis of its structure-breaking character [32] , This apparently reversed effect may be due to the fact that the properties of a 2.2 molal NaCI solution are far from those of an infinitely dilute solution for which case the considerations concerning the structure-breaking effect of Cl -strictly apply. A similar effect has already been reported and discussed in detail for the hydration water of the I~ from an MD simulation of a 2.2 molal Lil solution using the ST2 model for water [30] . The increase in pressure seems to slow down the diffusional motion of the water molecules in all of the three water subsystems by about 20%.
e) Hindered Translational and Librational Motions
The spectral densities f(co) of the hindered translational motion have been calculated by Fourier transformation from the normalized autocorrelation functions for the ions (Fig. 7) and separately for the oxygen atoms of the three water subsystems (Figure 8) . The results are shown in Figs. 9 and 10 .
For the sodium ion f(co) in the NP solution (Fig. 9) shows a broad distribution of frequencies in the range 0-400cm -1 with a peak maximum at 120 cm -1 . As expected, this frequency is much lower than those found for Li + (560 and 760cm -1 ) from an MD simulation of a 2.2 molal Lil solution [30] , The overall shape of f(co) for Na + is quite similar to that for its hydration water (Fig. 10) , from which it can be inferred that the translational motion of the Na + is coupled with the translational motion of the water molecules in its first coordination sphere. The pressure rise results in a decrease of the peak at 120 cm -1 and in an increase of the spectral density at 310 cm -1 . Similar changes can be observed in f(a>) for the hydration water of Na + ; the remarkable increase in the spectral density beyond 270 cm -1 indicates that the hindered translational motion of the hydration water molecules becomes more hindered in the HP solution. This is accompanied by an enhancement of the coupling of the translational modes between Na + and its hydration water molecules in this region. This result is in harmony with the decrease of the corresponding diffusion coefficients (Tables 4 and 5 ) with increasing pressure. The f(co) for Cl" (Fig. 9) shows a main peak at about 50 cm -1 with a shoulder in the range 100-200 cm"
1 . The curve is similar in appearance to that found in an MD study of a 2.2 molal NH 4 C1 solution [33] in which the ST2 water model was used. The difference in the spectral densities for Cl is even shifted to smaller frequencies, in keeping with the higher diffusion coefficient. The chloride hydration water spectrum is not unlike the one for bulk water except for somewhat lower intensities in the region 200-350 cm -1 , and the effects of pressure are also quite comparable. The character of the differences in the hindered translation of bulk water in the NP and HP solutions is similar to that found between the NP and HP pure water [6] , but the magnitude of the differences (e.g. the decrease in the peak at 50 cm simulation [13] : 437, 477 and 422 cm" 1 . The only significant difference is in the librational frequencies of the hydration water of Cl", and this may plausibly be ascribed to the different Cl"-water interaction potentials used in the two MD simulations. It is reasonable to assign the peak maximum around 450-480 cm" 1 to librations about the two axes of the water molecule with approximately equal moment of inertia (x and r-axes of the molecule-fixed coordinate system [13] shown in the insertion in Figure 11 ). The higher librational frequencies of the water moleules belonging to the first coordination spheres of the ions suggest that this particular librational mode becomes more hindered in the hydration shells. In the HP solution the peak maximum are located at 442, 457 and 492 cm" 1 .
The different behaviour of the librations of the hydration water of Na + and Cl", as far as the pressure rise is concerned, can qualitatively be explained by the structural changes observed in the NaCI solution with increasing density. While in both cases the pressure increase results in a slight decrease in the structure of the hydration shells of both ions thus favouring a less hindered libration, this is more than compensated in the case of Cl" by the transfer of second-neighbour water molecules into the immediate neighbourhood of the ion (see Qc\o in Figure 1 ).
f) Intramolecular Vibrations
Velocity autocorrelation functions with a suitable time resolution have been calculated separately for the hydrogens in the three above mentioned water subsystems. The positions of the peak maxima of the spectral densities in the frequency-range of interest are listed in Table 6 together with the corresponding values of pure water. In the NP solution the OH-stretching vibrational frequency in the bulk water has the same value as in pure water while both the sodium and chloride ion cause a shift of about 60 cm" 1 towards lower wavenumbers. This is in contrast to the widely accepted view according to which the changes in band parameters in aqueous solutions are less sensitive to cations than to anions (see e.g. [34] ). A direct comparison with most of the available experimental IR data (see e.g. [35] ) is very difficult since the experiments do not give single ion effects on the intramolecular vibrations of water molecules in aqueous electrolyte solutions [10] . However, in some of the most recent investigations a considerable cation effect has been observed. KJeeberg et al. [36] found in an IR-study of various ternary solutions of monovalent salts large effects on the O-H frequency of water, in keeping with earlier results by Baron et al. [37] , These frequency shifts depend both on the cation present and on the acceptor molecule of the H-bond formed by the water attached to the cation [36] . Zundel [38] who studied the effects of cations on OH-stretching frequencies by IR investigations on poly-anionic films observed a shift of the band maxima corresponding to the OH-stretching vibration of the hydration water molecules towards smaller frequencies. A lowering of the OH-stretching frequency in the presence of cations has also been found by Kuntz and Cheng [39] in their IR studies of water-ion interactions in aprotic solvents. Erikson et al. [40] by using a differential technique to remove the contribution from the bulk water in the IR spectra of aqueous solutions obtained the same band maxima for the OD stretchings of HDO molecules bonded to either Na + or Cl". The above experimental data and the results of MD simulations for NaCI, CaCl 2 [10] and MgCli [41] solutions suggest that the earlier conclusions about the insensitivity of OH-stretching vibrations to cationic effects must be reconsidered
While the OH-stretching vibrations in the bulk water are not influenced by the pressure increase within the accuracy of the present method, a very small shift can be observed in the hydration water of Na + (Table 6 ). The only significant change (+ 25 cm" 1 ) occurs in the hydration water of Cl". We note in passing that the spectroscopic correlation between the OH vibrational frequency and the average O-H distance (the OH-stretching frequency decreases with increasing O-H distance) does not seem to apply for the pressure increase in the solution (Table 3 and 6) in spite of the fact that this correlation was obeyed, at least qualitatively, when the effect of pressure in pure water [6] or the effect of ions [10] were considered. As both the shifts in O-H distance and frequencies are very small in the systems studied here, final conclusions about this point cannot yet be reached.
The only experimental investigation of the effect of pressure on the spectroscopic properties of aqueous NaCl solutions has been carried out by Inoue et al. [42] who have studied the near IR spectra (the band 2 vj + v 3 ) of pure water and of various aqueous solutions from 10 to 55 °C and at pressures up to 5 kbar. For a 3 molal NaCl solution at 25 °C and 4 kbar they observed a shift of 10 cm -1 in the band maximum to lower wavenumbers which would correspond to a much smaller change in the fundamental region. The extrapolation of the experimental data ( Fig. 9 in [42] ) to 10 kbar does not exclude the possibility of the observation of a reversed effect, i.e. the shift of the 2 vj + V3 band to slightly higher frequencies at this high pressure in qualitative agreement with the results of the MD simulations.
The HOH-bending frequencies (v 2 ) have the same values in the bulk water and hydration water of Cl" while for the hydration water of Na + a smaller value for v 2 was obtained ( Table 6 ). The Na + appears to lower the v 2 frequency of pure water by about 15 cm -1 , which compares very favourably with the average value of 24.6 cm -1 found for monovalent cations by Falk [43] analyzing literature data on the vibrational spectra of water in solutions and crystalline hydrates. With increasing pressure the positions of the maxima of the peaks corresponding to v 2 have been shifted to higher frequencies by 10cm -1 in the case of bulk water and hydration water of Cl -, on the other hand the v 2 frequency of hydration water of Na + has not changed.
IV. Summary and Conclusions
The analysis of the results of our MD simulations of a 2.2 molal NaCl solution at pressures of 1 bar and 10 kbar has shown that the hydration shell structures of Na + and Cl -are slightly distorted upon pressure increase and the H-bonded network of bulk water undergoes a significant distortion. The structural properties of the solution investigated and discussed include among others the radial distribution functions, the internal geometry of water molecules and their orientation in the hydration shells.
Dynamical properties (self-diffusion coefficients, spectral densities) of the solution have been calculated separately for various subsystems such as hydration water of the sodium ion, of the chloride ion, and bulk water. In keeping with recent experimental results [31] , the diffusion coefficient of the cation decreases with pressure while that of the anion increases. Single ion effects are usually not readily available experimentally since in most of the cases only the properties of the total water of the solution can be investigated. Therefore, the predictions of the effect of ions and of pressure on the different dynamical properties of the solution appear to be useful and advance our understanding of the properties of aqueous solutions at a molecular level. In those cases where it was possible to compare the results of the MD simulations with experimental data, the agreement was found satisfactory. Furthermore, the applicability and the limits of the potentials presently employed in the MD simulations of aqueous solutions can be tested and directions of their future improvement can be suggested from MD simulations performed at high pressure.
